Novel immune biomarkers could complement the TNM classification for nonesmall cell cancer (NSCLC), improving the prognostic accuracy. The present study evaluated the prognostic significance of the immune checkpoint molecules programmed cell death protein 1 (PD-1) and PD-1 ligand (PD-L1) in 536 patients with stage I to IIIA NSCLC using an Immunoscore approach. Independently, and in combination, the infiltration of immune cells expressing PD-L1 and PD-1 predicted patient survival, supplementing the TNM classification in each stage.
Introduction
The TNM classification system is currently the most important predictor of survival and is an essential guide to treatment decisionmaking for nonesmall cell lung cancer (NSCLC), supplemented by histologic and genetic characteristics. However, significant differences in survival within each TNM stage hamper its prognostic accuracy. 1 Accumulating evidence that the immune contexture, defined subtypes of tumor infiltrating lymphocytes (TILs) in the tumor microenvironment adds significantly to the prognostic yield of the TNM classification in colorectal 4 and breast cancer. 5 In colorectal cancer, the Immunoscore has even surpassed the prognostic impact of the TNM classification. To explore the Immunoscore concept in NSCLC patients, our group identified candidate immune markers (CD8, CD45RO) for an NSCLC TNMeImmunoscore. [6] [7] [8] In search of other prognostic markers of immunologic importance that could potentially contribute to an NSCLC Immunoscore, immune checkpoint molecules are of great interest.
Immune checkpoint pathways induce costimulatory and inhibitory signals crucial for regulating the physiologic T cell immune response and maintaining self-tolerance. 9 Activation of the programmed cell death protein 1 (PD-1) pathway mediates inhibitory signals in T cells in the peripheral effector phase of T-cell activation. 9 PD-1 is expressed by activated T cells, B cells, natural killer T cells, and myeloid cells and is often highly expressed by TILs. PD-1 ligand 1 (PD-L1) is expressed by a wide range of hematopoietic and nonhematopoietic cell types. 10 Also, PD-L1 is frequently highly expressed by human cancer cells, induced intrinsically by oncogenic pathways or extrinsically by inflammatory mediators, of which interferon-g is the most potent. 11 Ligation of PD-L1 with PD-1 mediates suppression of T cell function, differentiation, and survival. 11 Termed "adaptive immune resistance," increased tumor PD-L1 expression as a response to the secretion of cytokines from activated TILs is considered a major mechanism of immune evasion in cancer. 9 Immune checkpoint inhibitors targeting the PD-1 pathway have demonstrated impressive clinical benefit in several cancers, including NSCLC, although for a limited fraction of patients. 12 This has fueled great interest in the potential prognostic and predictive value of PD-L1 and PD-1 expression. Although some studies have reported high PD-L1 expression in tumor cells or TILs to be predictive of the response to PD-1 pathway inhibition, [13] [14] [15] [16] it has not proved adequately reliable as a single biomarker. 17, 18 The results regarding its prognostic effects in NSCLC are conflicting. 19 Also, the variability in assays and definitions of biomarker positivity have definitely challenged its validity as a biomarker. 20 Few studies have reported the prognostic effect of stromal expression of PD-L1 and PD-1 þ TILs. To the best of our knowledge, no study has compared its expression in primary tumors and lymph node metastases. To assess their prognostic impact and potential as Immunoscore candidate markers, we analyzed the expression of PD-1 and PD-L1 in the tumor epithelium and stromal compartments of 536 primary resected tumors from patients with stage I to IIIA NSCLC and in 142 matched metastatic lymph nodes.
Materials and Methods

Patients and Clinical Samples
Primary tumor tissue specimens from patients who had undergone radical resection for NSCLC pathologic stage I to IIIA at the University Hospital of North Norway (UNN) and the Nordland Hospital (NH) from 1990 through 2010 were retrospectively collected for the present study. The tumors were staged according to the current International Union Against Cancer TNM classification, seventh edition, 21 and histologically classified according to the 2011 World Health Organization guidelines on the classification of lung cancer. 22 According to the hospital pathologic databases, 633 cases of NSCLC were diagnosed during the study period. Of the 633 patients, 97 were excluded because of (1) radiotherapy or chemotherapy before surgery (n ¼ 15); (2) other malignancy within 5 years before the NSCLC diagnosis (n ¼ 39); (3) inadequate paraffin-embedded formalin-fixed tissue blocks available (n ¼ 25); or (4) the presence of adenocarcinoma in situ, which, before 2011 was classified as bronchioloalveolar carcinoma 3 cm (n ¼ 18). 23 Thus, 536 patients with complete medical records and adequate paraffin-embedded tissue blocks available were eligible, including 142 patients with available lymph node specimens of the 172 patients with node-positive disease. The present report includes follow-up data to October 1, 2013. The median follow-up time of the survivors was 86 months (range, 34-267 months). The Norwegian Data Protection Authority and the Regional Committee for Medical and Health Research Ethics approved the present study (protocol ID, 2011/2503) and waived the need for patient consent. The reporting of the clinicopathologic variables, survival data, and biomarker expression was conducted in accordance with the REMARK (reporting recommendations for tumor marker prognostic studies) guidelines. 24 
Microarray Construction
Two pathologists histologically reviewed all the tissue specimens. The most representative areas of viable neoplastic epithelial cells and tumor stroma in the primary tumors and matched positive lymph nodes (LNs) were carefully selected for the tissue microarrays (TMAs). The TMAs were assembled using a tissue-arraying instrument (Beecher Instruments, Silver Springs, MD). The detailed method has been previously reported. 25 In brief, we used a 0.6-mm diameter stylet, and the study specimens were routinely sampled with 2 replicate core samples from different areas of the tumor epithelium and 2 from the tumor stroma in primary tumors and metastatic LNs. Multiple 4-mm sections were cut using a Microm microtome (HM355S; Thermo Fisher Scientific Life Sciences, Waltham, MA) and stained using specific antibodies for immunohistochemistry (IHC) analysis.
IHC Analysis
For analysis of PD-L1 expression with IHC, we used the following antibodies: mouse monoclonal (catalog no. MAB1561; R&D Systems, Minneapolis, MN), rabbit polyclonal (catalog no. ab58810; Abcam, Cambridge, UK), and rabbit monoclonal (catalog no. 13684; clone, E1L3N; Cell Signaling Technology, Danvers, MA). For analysis of PD-1 expression with IHC, mouse monoclonal antibody (catalog no. ab52587; clone, NAT105; Abcam) was applied.
The specificity of the antibodies was verified by staining multiorgan TMAs as positive and negative tissue controls and by corresponding transfectant plasmid cell lysates (see Antibody Validation). The positive tissue controls were tonsil for PD-1 and placenta for PD-L1. The negative tissue controls were samples of normal brain and ventricle for both PD-1 and PD-L1. These antibodies fulfilled the standards for evaluation in our lung cancer population: PD-L1 (clone E1L3N) and PD1 (clone NAT105).
IHC analysis was performed using the Discovery-Ultra immunostainer (Ventana Medical Systems, Tucson, AZ). The slides were deparaffinized in three 8-minute cycles. For on-board antigen retrieval, PD-L1 and PD-1 were incubated with CC1 for 64 and 32 minutes, respectively. Endogenous peroxidase was blocked by Discovery inhibitor (catalog no. 760-4840; Ventana Medical Systems) for 8 minutes for both antibodies. The PD-L1 primary antibody in 1/ 25 dilution was loaded, and the slides were incubated for 32 minutes at 37 C. The slides were developed using UltraMap anti-rabbit horseradish peroxidase (HRP; catalog no. 760-4315) for 20 minutes, followed by 8 minutes of HRP amplification, and detection using ChromoMap DAB (catalog no. 760-159; Ventana Medical Systems). The PD-1 primary antibody in 1/50 dilution was incubated for 60 minutes at 37 C. Next, OmniMap anti-mouse HRP (catalog no. 760-4310) was applied for 16 minutes, followed by 16 minutes of HRP amplification. The primary antibodies were visualized using a purple detection kit (catalog no. 760-229) with a 32-minute incubation time. Finally, to detect the nuclei, the slides were counterstained with hematoxylin II reagent (Ventana Medical Systems) for 32 minutes, followed by a bluing reagent for 8 minutes. The slides were then dehydrated, cleared, and mounted using routine processing. Control staining with an isotype-matched antibody by omission of the primary antibody was also performed for each antibody. For each antibody, staining was performed as a single experiment.
Antibody Validation
Transient overexpressed human HEK293T cell lysates were used for PD-L1 (catalog no. LY415473), PD-1 (catalog no. LY401555), and HEK293 (catalog no. LY500001/negative control; all from OriGene Technologies, Rockville, MD). They were incubated with 2 Â sodium dodecyl sulfate sample buffer (OriGene Technologies) for 10 minutes at 100 C. Equal amounts of protein lysates were resolved onto a 4% to 12% Bis-Tris gel (catalog no. NP0322; Life Technologies, Carlsbad, CA). The resolved proteins were transferred onto an Odyssey nitrocellulose membrane (catalog no. 926-31092; LI-COR Biosciences, Lincoln, NE), and the membrane was subsequently blocked for 1 hour at room temperature using the Odyssey blocking buffer (catalog no. 927-40000; LI-COR Biosciences). PD-L1 antibody in a 1/1000 dilution and PD-1 antibody in a 1/50 dilution were applied, and the membrane was incubated overnight at 4 C. IRDye 800CW secondary antibodies for PD-L1 (catalog no.
926-32213; LI-COR Biosciences) and PD-1 (catalog no. 926-32212; LI-COR Biosciences) in 1/10,000 dilution were incubated for 1 hour at room temperature. Rabbit anti-actin (catalog no. A2066; SigmaAldrich, St. Louis, MO), 1:1000, was used as the internal control, and all lanes showed 42-kDa molecular weight protein load (Supplemental Figure 1 ; online version). Between antibody incubations, the membrane was washed 3 times for 5 minutes each in Tris-buffered saline containing 0.05% Tween 20 (Sigma-Aldrich). MagicMark XP Western Protein Standard (catalog no. LC5603; Invitrogen, Carlsbad, CA) and SeeBlue Plus2 prestained standard (catalog no. LC5925; Invitrogen) were used as molecular weight ladders. The most prominent bands represent the observed molecular weight of the detected protein, which corresponded intimately with the predicted weight provided by the manufacturer.
IHC Scoring
The samples were anonymized and independently scored by 2 of us (PD-L1: T.K.K. and E.-E.P.; PD-1: M.R.K. and E.-E.P.), under the supervision of an experienced pathologist (E.R.), who established a semiquantitative score for each marker. When assessing a given core, the observers were blinded to the other's findings, the clinical variables, and the outcomes.
The NSCLC tumor stroma consists mainly of immune cells of myeloid and lymphoid origin, in addition to basement membranes, fibroblasts, extracellular matrix, and vasculature. The tumor epithelial and stromal compartments were scored separately.
PD-L1 staining was typically cytoplasmatic, with a variably strong component of membranous staining. In general, the staining intensity of PD-L1 in tumor epithelial cells (T-PD-L1) was relatively homogenous, although in some cases, and more commonly in solid tumor aggregates, the intensity was stronger in the tumorestroma interface. The intensity of T-PD-L1 was scored as 0, no staining; 1, weak; 2, moderate; and 3, strong.
In the stromal compartment, PD-L1 staining (S-PD-L1) was predominantly found in cells morphologically consistent with immune cells, with homogenous, moderate to strong intensity. with the total number of nucleated TILs (density) in the tumor epithelial compartment (T-PD-1) was scored as 0, absent; 1, 1% to 9%; 2, 10% to 50%; or 3, > 50%. In the stromal compartment (S-PD-1), it was scored as 0, absent; 1, 1% to 24%; 2, 25% to 50%; or 3, > 50%. Scoring of the density of CD8 þ and CD45RO þ TILs has been previously reported. 8 Identical scoring approaches were used in the primary tumors and metastatic LNs for T-PD-L1 and T-PD-1. However, the stromal component of metastatic tissue in LNs is difficult to discern from LN tissue and, therefore, was not scored. Two cores were sampled from each compartment (tumor epithelial and stromal) and scored by 2 of us. Both cores from primary tumors were missing in 5% to 6% of cases, and 1 core was missing in 3% to 7% of cases. For metastatic LN tissue, both cores were missing in 12% to 15%, and 1 core was missing in 12% to 18% of cases. The mean value of the 4 or 2 (if 1 TMA core was missing) scores available from each patient was used as the basis for dichotomization of the patients' scores into categories of high and low. All possible cutoff thresholds were tested. For each marker, the cutoff chosen for dichotomization was the one yielding the minimum P value when analyzing the association between each marker with disease-specific survival (DSS) in primary tumors, keeping the categories balanced in size (close to the mean value). Accordingly, a high score was defined as follows (mean value of single scores provided in parentheses): T-PD-L1 > 1.25 (1.12), S-PD-L1 > 1.5 (1.45), T-PD-1 > 0.25 (0.68), S-PD-1 > 1 (1.21), S-CD8 > 1.5 (1.55), and T-CD45RO > 0.5 (0.66). We applied the same cutoffs for the LN metastases. IHC scoring of PD-L1 and PD-1 in the primary tumor is illustrated in Figure 1 . IHC scoring of the metastatic LNs is presented in Supplemental Figure 2 compared for interobserver reliability using a 2-way random effects model with absolute agreement definition, yielding an intraclass correlation coefficient (reliability coefficient) and Cohen's kappa. DSS, disease-free survival (DFS), and overall survival (OS) were defined as the time from surgery to lung cancer death, first lung cancer relapse, and death from any cause, respectively. The c 2 test or Fischer's exact test was used to examine the association between molecular marker expression and various clinicopathologic parameters. Spearman's rank correlation coefficient was used to examine the associations among the markers' expression. Univariate analysis of survival according to each immune marker was visualized using the Kaplan-Meier method, and statistically significant differences between survival curves were assessed using the log-rank test. For univariate analyses, unadjusted Cox proportional hazard ratios (HRs) were calculated. Multivariate analysis was performed using the Cox proportional hazards model, testing the simultaneous influence on survival of all relevant, by expert opinion, covariates found to be significant on the univariate analyses. All clinicopathologic variables significant in the initial multivariate analysis were included in the multivariate analyses, including the immunologic markers assessed in the present study. The backward conditional method was used for model fitting. The probability for stepwise entry and removal was set at .05 and .10, respectively. P values < .05 were considered statistically significant.
Results
Patient Characteristics
The demographic, clinical, and histopathologic variables are listed in Table 1 were diagnosed with squamous cell carcinoma (SCC), 68 with adenocarcinoma (ADC), and 13 with large cell carcinoma.
Correlations Between PD-1/PD-L1 and Clinicopathologic Variables, Interobserver Reliability, and Between-Core Heterogeneity
No significant associations were found between the expression of PD-L1 or PD-1 and age, sex, Eastern Cooperative Oncology Group status, smoking, N status, pathologic stage, histologic subgroup, or vascular infiltration. The level of heterogeneity was low (assessed using intraclass correlations), and the agreement between the 2 cores sampled from 1 tumor was greater for markers analyzed in primary tumor nests (T-PD-L1, 0.844; T-PD-1, 0.805) than in primary tumor stroma (S-PD-L1, 0.792; S-PD-1, 0.726). A similar tendency was found in the metastatic LNs (LN T-PD-L1, 0.917; LN T-PD-1, 0.797). Extensive correlations were found between the mean scores of PD-L1 and PD-1 in the intraepithelial and stromal compartments. Between the primary tumor and LN tissue scores, we found a significant correlation only for T-PD-1 (Supplemental Table 1 ; online version). The between-scorer agreement was excellent, with an intraclass correlation > 0.83 for all markers (Supplemental Table 2 ; online version). 
Univariate Analysis
The results of the univariate analyses of the prognostic impact regarding stromal and tumor PD-1 and PD-L1 expression on DSS are presented in Table 2 and Figure 2 . For S-PD-L1 and T-PD-1, several different thresholds for high and low expression resulted in a significant association with DSS. The results were largely similar for the DFS and OS endpoints (Supplemental Table 3 ; online version).
In the entire patient material, a low density of PD-L1 þ cells in the stromal compartment (S-PD-L1) was associated with unfavorable DSS (HR, 1.55; 95% confidence interval [CI], 1.15-2.10; P ¼ .004). A low density of intraepithelial PD-1 þ immune cells (T-PD-1) was also significantly and negatively associated with DSS (HR, 1.42; 95% CI, 1.08-1.86; P ¼ .012). When assessing the outcome by histologic subgroup, low S-PD-L1 was significantly associated with DSS (HR, 2.09; 95% CI, 1.31-3.32; P ¼ .002) in the SCC patient subgroup in both cohorts (UNN, P ¼ .017; and NH, P ¼ .033). Also, low tumor epithelial expression of PD-L1 (T-PD-L1; HR, 1.79; 95% CI, 1.03-3.11; P ¼ .037) and PD-1 (T-PD-1; HR, 1.55; 95% CI, 1.03-2.32; P ¼ .034) had a significant negative prognostic impact on DSS in SCC patients. PD-L1 or PD-1 status was not associated with survival for patients with large cell carcinoma or ADC.
Metastatic LNs
No significant associations were found between the expression of PD-L1 and PD-1 in the metastatic LNs and survival (DSS, DFS, or OS; Table 2; Supplemental Table 1 ; online version). The frequency of high T-PD-L1 was 29% in both primary tumors and metastatic LNs. Nearly 69% displayed identical scores in the primary tumor and LN metastasis, 16% had a high score in the primary tissue and a low score in the LNs, and 15% had the opposite. The frequency of T-PD-1 þ TILs was lower in metastatic LNs (30%) than in primary tumors (56%; P < .001); 53% maintained the score in the metastatic LNs, 38% had a high score in the primary tissue only, and 9% in the metastatic LNs only.
PD Immunoscore
Combining the scores of the 2 variables with the strongest prognostic impact for all patients in the univariate analyses, S-PD-L1 and T-PD-1, allowed for stratification of patients with low scores for both markers compared with all other score combinations (PD Immunoscore; Figure 3 ). This combination yielded a highly significant negative association of "low þ low" scores with DSS in the entire patient material (HR, 1.81; 95% CI, 1.37-2.40; Although the PD Immunoscore was marginally significant for DSS in ADC (P ¼ .045), the prognostic impact for SCC patients was strong (DSS: HR, 2.06; 95% CI, 1.36-3.13; P < .001) and 
Multivariate Analysis
The results from the multivariate Cox regression analysis are presented in Table 3 . Assessed as separate markers included in the same model, both T-PD-1 and S-PD-L1 had an independent prognostic effect on DSS (S-PD-L1: HR, 1.41; 95% CI, 1.03-1.93; P ¼ .031; T-PD-1: HR, 1.39; 95% CI, 1.04-1.85; P ¼ .025) in the total material. In the SCC patient subgroup, the prognostic effect of S-PD-L1 (HR, 2.05; 95% CI, 1.28-3.30; P ¼ .003) surpassed the effect of T-PD-1 (HR, 1.55; 95% CI, 1.03-2.35; P ¼ .038).
The PD Immunoscore yielded a significant independent prognostic effect for all patients for DSS, DFS, and OS (HR, 1.72 [Table 3 ]; HR, 1.57 and 1.36 [Supplemental Table 4 ; online version]; P < .001 for all). This finding was enhanced in the SCC patient subgroup for all endpoints. In contrast, for the ADC patients, a trend was found for DSS and OS. When adjusted for S-CD8 and T-CD45RO, the "low þ low" PD Immunoscore remained an independent prognostic factor for all the patients (HR, 1.48; 95% CI, 1.10-2.00; P ¼ .010) in both histologic subgroups: SCC (HR, 1.57; P ¼ .049) and ADC (HR, 1.52; P ¼ .049; univariate analyses of S-CD8 and T-CD45RO; Supplemental Table 5 ; online version).
Discussion
In our large, unselected patient material of surgically resected stage I to IIIA NSCLC, we demonstrated an independent negative prognostic effect of low stromal PD-L1 þ immune cells (S-PD-L1) and of PD-1 þ TILs infiltrating the tumor epithelial compartment (T-PD-1) in primary tumors. Combined low scores for S-PD-L1 and T-PD-1 (PD Immunoscore) predicted a negative outcome for all endpoints (DSS, DFS, and OS) in the total cohort and especially in the SCC histologic subgroup. The finding was consistent in the UNN and NH cohorts both and for all pathologic stages. The PD Immunoscore was an independent prognostic factor in multivariate analysis for DSS, DFS, and OS and remained so when adjusting for S-CD8 and T-CD45RO. The mechanisms regulating the expression of PD-L1 and PD-1 are incompletely understood. Particularly for PD-L1, the lack of standardized assays is a major challenge in the assessment of its predictive and prognostic role. 26 Although its validity has recently been challenged, 20 the PD-L1 antibody applied in our study (E1L3N) is commercially available, has been carefully validated by us and others, and has been used in several NSCLC studies. [27] [28] [29] [30] [31] [32] Most clinical studies have used the proportion of membranepositive tumor cells as a cutoff for tumor positivity after it was associated with the clinical response to anti-PD-1 therapy. 33 However, the functional significance of cytoplasmatic PD-L1 expression remains unclear, and it can be difficult to distinguish membranous from cytoplasmatic staining using IHC. 32 Hence, we, and others, have described and analyzed the combination of cytoplasmatic and membranous staining of PD-L1. [29] [30] [31] 34 Nevertheless, it is important to be aware that IHC analysis can only capture a snapshot in the dynamic nature of the antitumor response. Although acceptable in primary tumor tissue, the frequency of missing cores might have limited the statistical power of our analyses of the metastatic LNs, and our results must be considered in light of this. A heterogeneity of PD-L1 expression has been demonstrated in NSCLC tumor tissue, 20 and TMAs might underrepresent the heterogeneity. This was to some extent compensated for in the TMA by the inclusion of 2 representative areas of tumor and 2 of stroma from each tumor specimen. Also, we found a relatively high degree of agreement between the cores from the same tumor. However, in future validating studies, staining should also be performed of whole tissue sections, because that is what is currently being used for diagnostic purposes and also allows for further assessment of heterogeneity. We observed high tumor epithelial PD-L1 (T-PD-L1) in 26% of patients, similar to recent studies using the same antibody 29, 31 in patients with stage I-IIIA NSCLC. Numerous studies have reported a wide range of NSCLC tumor cell PD-L1 positivity rates, and an association with high T-PD-L1 has been reported for both poor 30, [34] [35] [36] [37] and favorable 29, [38] [39] [40] [41] outcomes. In contrast, other studies, 27, 31, [42] [43] [44] including a recent meta-analysis, 45 found no associations. Recently, a Korean study reported no association between T-PD-L1 expression and OS in patients with SCC (n ¼ 331). 31 In contrast, 1 German 29 and 1 Australian 39 study (SCC cohort sizes of 149 and 271, respectively) observed a positive prognostic effect, in line with our findings. The heterogeneity with respect to assays, definitions of positivity, and baseline characteristics such as ethnicity might explain some of the differences. 45 Smoking status, mutational load, and oncogene driver mutation status seem to influence the activity of PD-1 inhibitors in NSCLC patients. 46, 47 We found no association between PD-1 and PD-L1 expression or the PD Immunoscore and smoking status. However, our data set did not include an analysis of mutational status. Although some reports have described the prevalence of PD-L1 expression in immune cells infiltrating stage I to IIIA NSCLC tumors, 20, 28, 48, 49 we are the first to describe the prognostic value of stromal expression of PD-L1 (S-PD-L1). Although our method does not allow for the distinction of stromal cell subtypes, morphologically, PD-L1 þ stromal cells were consistent with immune cells.
Performing multiplexed IHC should clarify the significance of different subsets of stromal cells and would be of great interest in future similar studies. We found high S-PD-L1 expression in 36% of patients, which was significantly associated with a positive outcome in all patients and in the SCC subgroup, in particular. Our findings contrast with the "adaptive immune resistance" as a major immune evasion mechanism and supports the hypothesis that high levels of S-PD-L1 induced by inflammatory mediators such as interferon-g produced by immune cells reflect the presence of an ongoing and, at least to some degree, functional tumor microenvironmental immune response. In line with this, Herbst et al 50 found
immune cell expression of PD-L1 was predictive of the response to antiePD-L1 treatment in patients with advanced NSCLC, emphasizing the importance of pre-existing immunity that is further amplified during treatment.
As the first to assess PD-1 positivity in TILs in the intraepithelial (T-PD-1) and stromal (S-PD-1) compartments separately, we observed that high T-PD-1 expression was associated with improved prognosis for all patients and particularly for the SCC histologic subgroup. Three previous studies (2 Korean and 1 German) have investigated PD-1, combined stromal and intraepithelial, in patients with stage I to III NSCLC, using different assays and scoring methods. [29] [30] [31] The Korean studies found that PD-1 þ TILs were positively associated with OS in patients with SCC 31 and with DFS in patients with ADC. 30 In contrast, the German investigators did not observe any association with OS. 29 Our results might reflect the importance of previously activated immune cells infiltrating tumor tissue and not residing solely around the outer edge, thus avoiding "immunologic ignorance" and "excluded infiltrate," 2 of the patterns described in patients who don't respond to anti-PD-L1 treatment. 51 A novel finding in the present investigation was the lack of a significant association between survival and the expression of tumor epithelial PD-L1 and intraepithelial PD-1 þ TILs in LN metastasis (n ¼ 143), regardless of the histologic subgroups, even when multiple cutoffs were tested. We found the frequency of high T-PD-L1 identical in N þ LN and primary tumors, and the score was maintained from primary tumor to LN metastasis in 69% of cases, in line with the findings from a previous study. 31 The frequency of high T-PD-1 TILs was lower in N þ LNs than in primary tumors;
38% of patients displayed a high score in the primary tumor and a low score in the N þ LNs. Others have found functional differences in the immune infiltrates of primary tumors and metastatic sites and indications of more tolerogenic and tumor-promoting microenvironments in metastatic LNs versus tumor-free LNs. [52] [53] [54] Hence, our study findings shed light on the differences in the characteristics of the immune response in primary tumor and metastatic tissue, although the limited N þ study size reduced our ability to draw conclusions. If confirmed in larger studies, this finding supports that primary tissue samples, rather than samples from metastatic LNs, should be used for analysis of these biomarkers in the prognostic setting. By combining the PD Immunoscore with the pathologic stage, the stratification of patient survival might be considerably improved (Figure 3) . Although the TNM classification alone stratifies patient 5-year DSS as 20% to 72% according to pathologic stage IIIA and I, respectively, the addition of a PD Immunoscore increases the stratification of patient survival, ranging from 8% (pathologic stage IIIA and PD Immunoscore "low þ low") to 74% (pathologic stage I and PD Immunoscore of "other score combinations"). For patients with pathologic stage I, the 5-year DSS varied from 64% to 74% according to the PD Immunoscore "low þ low" versus "other score combinations". For pathologic stage II, it varied from 34% to 63% and for pathologic stage IIIA, from 8% to 31%. Thus, the PD Immunoscore has the potential to stratify patients with regard to survival even within each pathologic stage.
The retrospective nature of the present study introduced a potential bias from variable diagnostic accuracy and treatment. However, the PD Immunoscore was a significant prognostic factor independent of adjuvant chemotherapy or radiotherapy and of whether patients were treated before or after the introduction of adjuvant chemotherapy in accordance with the national recommendations (2005; data not shown).
Measuring the expression of PD-1 and PD-L1 in the tumor microenvironment might be of considerable clinical relevance, representing facets of the immune response seen in "inflamed cancers" versus "noninflamed cancers." If confirmed in prospective studies, this type of prognostic stratification might assist in the selection of patients for adjuvant treatment and the choice of order and type of treatment (eg, chemotherapy vs. immunotherapy). Also, the PD Immunoscore could be tested as a predictor of anti-PDpathway treatment response in future studies.
Conclusion
We attempted to predict the outcomes of patients with NSCLC stage I to IIIA according to the PD-1 and PD-L1 expression levels in primary tumors and metastatic LNs. We identified the density of stromal PD-L1 þ immune cells and intraepithelial PD-1 þ TILs in primary tumors as independent positive prognostic factors, mainly attributed to the SCC subgroup. The combined low scores added significantly to the prognostic effect, revealing substantial differences in survival within each pathologic stage. The combination remained an independent prognostic factor for DSS, DFS, and OS for all patients, even after adjustment for immunologic markers with strong independent prognostic effect. The evaluation of PD-1 and PD-L1 expression in the tumor microenvironment, combined in a novel Immunoscore approach to supplement the TNM classification in predicting patient prognosis, seems feasible. If confirmed in prospective studies, this could translate into changes in future treatment decision-making.
Clinical Practice Points
For NSCLC patients, significant differences in survival within each TNM stage impede its prognostic accuracy, and novel prognostic biomarkers are warranted. 
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